Background. Observational and randomized controlled studies suggest that patients with stage 4 and 5 chronic kidney disease (CKD) derive morbidity and mortality benefit from being followed up in multidisciplinary, allied health clinics. It remains unclear how these clinics should be structured in order to optimize an efficient use of resources. The objectives of this study are (i) to describe 'human' resource utilization in an established 'traditional' multidisciplinary CKD clinic and (ii) to optimize efficiency and accountability of this multidisciplinary CKD clinic while maintaining or improving delivered quality of care. Methods. We conducted a prospective, cohort, intervention study in the multidisciplinary CKD clinics at a university-affiliated hospital in Winnipeg, Canada. There were 480 patients identified as requiring multidisciplinary care (68% male; 32% female; 64% Caucasian, 25% First Nations, 7% Asian; mean age 61), and the majority of these were in stages 4 and 5 CKD (80%). The aetiologies of CKD included diabetes (53%), hypertension (10%) and glomerulonephritis (GN) (19%). At baseline, process engineering analyses were conducted on resource use and workflows within the clinics. The intervention entailed clinic restructuring including changes to scheduling templates and documentation format as well as standardization of practitioner roles. Cross-sectional data to serve as surrogates for quality of care and efficiency were collected 1 year pre-and post-intervention. Results. Optimization of clinic structure did not significantly change the cycle times among nurses, dieticians and pharmacists, but nephrologists' cycle time decreased from 13.8 min [interquartile range (IQR) 8-17] to 10.0 min (IQR 10-15) with P < 0.001. Patient throughput time decreased from 73 min (IQR 51-95) to 68.5 min . Compliance with established practice guidelines prior to clinic restructuring was 61% for BP (<130/80); 69% for haemoglobin (110-120 g/dL); 69% for ASA use; 63% for beta-blocker use; 43% for ACEi/ARB use; 64% for statin use, and did not change significantly post-intervention.
Introduction
The increasing burden and complexity of chronic disease management on the health-care system often results in escalating resources as a solution in maintaining quality and quantity of patient care [1] . Limitations in this strategy have resulted in a focus on quality improvement and efficiency of health-care processes [1] . Chronic kidney disease (CKD) is a worldwide public health problem that is increasing in incidence and prevalence [2] with an estimated 13.1% of the US population having CKD stages 1-4 [3] . Multidisciplinary CKD clinics have been shown to be associated with reduced morbidity and mortality (once on dialysis) in patients with stage 4 and 5 CKD [4] [5] [6] [7] [8] potentially due to more intensive management of diabetes, hypertension, mineral metabolism and pre-emptive vascular access creation. In the traditional physician-centric system, the growing CKD population is expected to challenge the system of care, fuelling speculations about increasing nephrology workforce demands to manage this population.
It is not apparent within the literature how to structure and allocate health-care resources in this setting to improve efficiency, accountability and quality of care. The purposes of this study were to evaluate the structure and processes of the multidisciplinary CKD clinics at a major Canadian teaching hospital by quantifying and describing the state of resource use. Using these data, a template was created to improve efficiency and implement a continuous improvement strategy programme to optimize adherence to established quality of care guidelines with care targets linked to specific allied health and physical space inputs.
Materials and methods
We conducted a prospective observational intervention study in the multidisciplinary CKD clinics at St. Boniface General Hospital (SBGH), a large university teaching hospital in Winnipeg, Canada. Patients were referred to a nephrologist for consultation by primary care practitioners. They entered the multidisciplinary CKD clinic as appropriate by referral from the nephrologist. Typically, referral criteria included estimated glomerular filtration rate (eGFR) <30 mL/min indicating stage 4 or 5 CKD or were judged as high risk to progress to stage 4/5 CKD in the next 6 months. Research Ethics Board approval pertaining to the secondary use of patient data to report our health outcomes was obtained.
Pre-intervention study
Data were collected to define resource use, structure and quality of care. Each member of the CKD team (nurses, dieticians, pharmacists and nephrologists) was timed during their encounters with patients (cycle time), and patients were timed for the total time spent within the clinic (throughput time). The time study was 3 weeks in duration with five clinics scheduled per week and ∼15 patients scheduled per clinic. 'Task cards' listing a wide array of tasks pertaining to CKD care were completed during encounters ( Figure 1 ). Practitioners were asked to check off tasks in order to identify each practitioner's focus during their encounters with patients.
A chart review was completed to describe the demographics, comorbidities and medications of the CKD clinic population as well as patient quality of care and administrative parameters based on the accepted National Kidney Foundation-Kidney Dialysis Quality Outcomes Initiative (NKF-KDOQI) Guidelines [9] . Process mapping (a flow charting method that uses general symbols and arrows to show the flow of the manufacturing process) was documented to objectively examine all the steps involved in patient care. Focus groups with allied health profes- Designing the intervention Based on the above data, a strategic intervention was designed with the intent of optimizing efficiency and improving adherence to established quality of care guidelines. First, standard operating procedures (SOPs) were generated in collaboration with each set of allied health practitioners in order to standardize clinical practices and minimize redundancy of tasks in the clinics. Second, new clinic encounter sheets were created based on SOPs to address all core issues relevant to CKD stage 4 and 5 care as well as facilitate documentation and communication. Third, a fixed sequence [nurse, dietician, pharmacist, nephrologist (see Figure 2) ] was introduced to allow cumulative information gathering from patients and specific components of care addressed prior to the physician being involved. In addition, this fixed sequence allowed for optimal use of the limited space within the clinic. In small focus groups, 15 minutes was considered to be an adequate amount of time for the completion of SOPs. Initial timing studies confirmed this with a median of 15 minutes per patient encounter. Therefore, 15 minutes was determined to be the goal for each encounter by every member of the renal health team. Finally, the clinic scheduling template was revised in order to maximize the number and type of patients able to be seen in each clinic.
Post-intervention study
Data were collected to measure the effect of the intervention on clinic flow (efficiency) and quality of care. The time study and task frequency analysis were repeated to see if there was any change in the use of time in the clinics and the throughput time of patients. A chart review was completed to see if there was any effect on quality of care and administrative parameters. The timelines for when data were collected are outlined in Figure 3 .
Statistical analysis
All statistical analysis was performed using SPSS version 16 (Chicago, IL). Continuous variables were compared using Student's t-test. Categorical variables were compared using chi-square test. Results were considered statistically significant if P-values were <0.05. A multivariate, Poisson model was constructed to detect differences in pre-specified, aggregate 'positive' or 'negative' outcomes. A 'positive' outcome was defined as a planned haemodialysis (HD) or peritoneal dialysis (PD) start, whereas a 'negative' outcome was defined as an acute 'unplanned' HD start or death.
Results
Cross-sectional clinic characteristics Table 1 provides the demographic information, comorbidities and aetiology of CKD of patients followed up in this clinic at two points in time: pre-and post-intervention ( Figure 3 provides the detailed time line regarding the sequence of events). Pre-intervention data were collected closest to the date of the intervention on 1 September 2008. Post-intervention data were collected closest to 1 June 2009 with values after 30 June 2009 not included due to ongoing patient visits. There were no statistically significant demographic differences between the groups except for the percentage of patients in stages 3, 4 and 5 CKD. Comorbidities were not statistically significant between the two groups except for dyslipidaemia. Aetiologies of CKD were statistically significant between the two groups with a decrease in glomerulonephritis (GN) and an increase in other aetiologies of CKD.
Time study
Pre-and post-intervention cycle times for all practitioners are displayed graphically in Figure 4 . Pre-intervention cycle times for nephrologists consisted of a mean of 13. A model for improved chronic kidney disease care 3625 time would still be inaccurate since there would be selection for 'unstable' patients. Therefore, statistical analysis was not completed.
Quality of care parameters
BP control, ACE inhibitor/ARB use, statin use, Hgb targets and PTH levels were not statistically significant within the groups ( Table 2 ). The percentage of patients on target for calcium and phosphate levels increased from 93.1% to 96.5% (P = 0.042) and 84.1% to 89.1% (P = 0.041), respectively.
Administrative parameters
Vascular access referrals, PD assessments and transplant referrals were not statistically significant between the two groups ( Table 3) . As there is a reasonable degree of practice variation regarding the eGFR at which planning of RRT should be initiated, two separate analyses were performed: for eGFR <20 and <15 mL/min with no statistically significant difference observed.
Patient outcomes
The percentage of acute haemodialysis starts decreased from 4.4% pre-intervention to 1.4% post-intervention with a P < 0.010 (Table 4) . No other statistically significant results were observed.
Multivariate analysis of outcomes
Interestingly, we found that crude adverse outcome rate, defined as the composite of acute HD or death, was more frequent in the pre-intervention period than the post-intervention period. This difference persisted after a forced adjustment for age, MDRD eGFR, sex, diabetes and ethnicity (First Nations vs. all others) in a Poisson model [adjusted rate ratio for pre-vs. post-intervention period 5.3 (95% CI 2.3-12)] ( Table 5 ). As expected, age and eGFR were statistically significant predictors of having a negative outcome.
Discussion
In this study, we provide a description of how we engineered our environment of fixed resource inputs (e.g. allied health practitioners and physical space) to function more efficiently for patients and providers. During the course of this re-engineering, we found that physicians were able to spend significantly less time per patient, with no change in overall quality of care. Furthermore, patient time spent in the clinic improved significantly with no compromise in the quality of care delivered. In addition, we now have a template by which we can base continuous quality improvement (internally driven assessments of quality defects followed by action aimed at correcting them at early stages and avoiding decreasing quality) initiatives in starting to achieve KDOQI targets for more of our patients and begin to link quality outcomes to allied health practitioners' SOPs. With increasing demands on health-care resources due to the growing CKD population, it is crucial to improve the efficiency of multidisciplinary CKD clinics. The decrease in physician cycle time and the time each patient spends at the clinic occupying resources may translate in the ability of the clinic to handle an increase in number of patients seen per schedule.
The achievement of KDOQI quality of care targets is associated in varying degrees with a reduction in morbidity and mortality. The achievement of these targets is integral to the management of CKD stage 4 and 5 patients [10] [11] [12] , but controversies remain as to whether the achievement of these clinical targets in multidisciplinary settings is causative or simply associated with improved outcomes [13] . The structure of resource inputs to efficiently achieve these targets is critical to an optimally performing system for patients and providers alike [14] .
We introduced SOPs to ensure the standardization of the practicing methods of all renal health team members, minimizing redundancy within the clinic. Figure 5 summarizes the SOPs for each practitioner within the clinic. Patients were consulted in a logical sequence consisting of a nurse, dietician, pharmacist and nephrologist with a target of 15 min per practitioner to improve clinic flow and reduce inefficiency. New clinic record sheets were created with consideration of these SOPs to facilitate documentation and communication.
The intervention resulted in a decrease in nephrologist cycle time and throughput time without negatively impacting measures of patient quality of care. The only significant change in quality care targets was a decrease in the number of acute haemodialysis initiations. This is wellknown to increase morbidity and mortality in comparison to starting haemodialysis electively with a mature arteriovenous fistula [15] . The new clinic model has also had several effects that may or may not be influencing patient care. First, patients are now always seen by each allied practitioner at every visit, with each encounter focused on a specific set of quality of care parameters which reflect the provider's core competency and training. Second, allied health SOPs are now linked to specific outcomes (i.e. quantitative targets), setting the foundations for an accountability framework and continuous quality improve- A model for improved chronic kidney disease care 3627 ment initiatives. Third, all practitioners now function in more of a team-based approach with respect for each others' skill sets and time inputs. Our study has its limitations. First, the length of followup was relatively short between the intervention and evaluation of quality targets achieved, and there were few patient outcomes over the course of this study. Cardiovascular events, a leading cause of morbidity and mortality in CKD, are noticeably absent as outcomes for this reason. However, it was assumed that a longer length of followup would result in a diminishing effect of the intervention. Second, we did not examine the improvements in targets of specific patients (i.e. paired statistical testing). However, this was intentional as patients were all in different time stages in the progression of their disease (various rates of decline in eGFR that we did not follow) and total time being followed by the clinic. Thus, using the two crosssectional analyses performed, we assumed a relatively equal case distribution of new and old patients which likely reduced this source of bias. Additionally, the pre-intervention cohort had more stage 5 CKD patients compared to the post-intervention cohort. One could conclude from this that less time would be required to care for these patients by the nephrologist potentially explaining our findings. While this is a possibility, we believe it to be unlikely as the IQR for time spent with the patients on behalf of the nephrologist was much narrower in addition to maximum times spent with patients. Further studies linking time directly to CKD stage of patients are underway to explore this further. Finally, several quality of care parameters and outcomes traditionally considered to be relevant to CKD are absent. While we acknowledge the holistic care of CKD includes weight control, smoking cessation and quality of diabetes care (including blood glucose control, foot care, ophthalmology referral), these quality of care parameters are outside the scope of these clinics. Comprehensive CKD care including reducing cardiovascular risk and the rate of eGFR decline as well as the preparation for RRT is the focus of these clinics. Pa- A model for improved chronic kidney disease care 3629 tient satisfaction is less important than in a traditional physician-centric system, since in this setting, all roles of allied health members are considered critical to patient care. Although this model results in less contact time with the physician, the focus of his or her core competencies of patient education and decision making may be considered to be of more value to patients. This study did not demonstrate any significant differences between quality targets. We feel that this is possibly due to three reasons: (i) our SOPs were not specific enough in terms of algorithms in achieving targets, (ii) our length of follow-up was too short to measure any effect or (iii) the restructuring efforts had no bearing on quality targets. Regardless, nephrologist cycle time and throughput time decreased due to the efficient use of space and human resources. In addition, the framework is now in place to be used as a working model for continuous quality improvement through refinement of SOPs and measurement of specific outcomes. For example, if a patient is currently not on an ACE inhibitor/ARB, there is no location for documentation of the reason for this on the new renal health sheet. If there was a checklist for this including the reason for discontinuation such as rise in serum creatinine, hyperkalaemia, cough or history of angio-oedema, it could be reviewed at every clinic visit, and the medication reintroduced and challenged at a later time if appropriate. Discrepancies outside the scope of SOPs including the degree of adherence to clinical practice guidelines may also play a role in a lack of quality improvement with the intervention. Algorithm-based care based on guidelines may optimize patient care in this setting.
While we are unable to draw any definite conclusions from patient outcomes data in this study, it is interesting to note that rates of acute HD starts were decreased postintervention. Using a Poisson multivariate model with aggregate patient outcomes and controlling for some major variables in patient case mix, we found a 5-fold increase in pre-intervention negative outcomes (acute HD, death) (P < 0.0001). While this finding is hypothesis generating and logical in the sense that more organized care on behalf of the allied health team leads to (at the very least) more planned RRT starts, these findings would need to be confirmed in subsequent continuous quality improvement monitoring efforts.
Conclusion
Process engineering, SOPs, specific sequencing in patient consultation and new renal health records improved the efficiency of the multidisciplinary CKD clinics without compromising quality of patient care. Nephrologist cycle time and patient throughput time decreased, while acute, unplanned HD starts decreased with no other negative impact on quality of care. With the goal of a continuous quality improvement, it is hopeful that stakeholder input from renal health team focus groups will be used to refine current SOPs and documentation in order to impact quality of care and outcomes. The introduction of algorithm-based care could serve to further standardize practicing methods and improve overall effectiveness. This methodology, including sequencing in patient consultation and linking SOPs to patient parameters, serves as a useful template for multidisciplinary clinics in many other areas of medicine involving complex patients with chronic disease.
